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(57) ABSTRACT

An aircrait’s brake temperature monitoring system for deter-
mining when the brake has cooled sufficiently for a safe
take-ofl includes an aircrait brake and a temperature sensor
for measuring the temperature of the brake. The system also
includes a timer and indicator for indicating the brake tem-
peratures at two different times. A computer or circuit for
calculating the rate of cooling i1s provided and determines the

time until the brakes reach a preselected temperature. An

clectronically stored temperature profile and ambient tem-
perature sensor are also provided.

9 Claims, 2 Drawing Sheets
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AIRCRAFT BRAKE TEMPERATURE
MONITORING SYSTEM AND METHOD

FIELD OF THE INVENTION

This invention relates to an aircraft brake temperature
monitoring system and method and more particularly to an
aircraft brake temperature monitoring system and method for
determining the time interval until a safe take-off can be
initiated.

BACKGROUND FOR THE INVENTION

Problems associated with high brake temperatures which
can cause brake failure 11 the brakes are continually used at
such temperatures are well known. Such problems are par-
ticularly serious 1n the field of aviation. For example, when a
heavy commercial jetliner lands it takes tremendous energy to
stop and much 11 not most of the energy 1s converted 1nto heat
which raises the temperature of the brakes.

In view of the heat buildup and the potential for brake
failure, the aircrait 1s required to stay on the ground for a
period ol minutes or even one or two hours to allow the brakes
to cool. For safety, it 1s mandated that the brakes must be
capable of bringing the aircrait to a full stop 1n the event of an
aborted take-oil that occurs at the last minute. Such stops put
tremendous demands on an aircrait’s brakes and can raise the
temperature of the brakes to critical levels. Theretore, 11 the
brakes had not been sufficiently cooled after a landing, they
could fail under the demands of an aborted take-off.

It 1s now believed that there may be a commercial market
for an improved aircraft brake temperature monitoring sys-
tem and method 1n accordance with the present invention.
There should be a demand for such systems which accurately
determine the time nterval until the brakes reach a tempera-
ture that make 1t safe to take-oif 1n the aircraft. In this way,
some aircrait could obtain a faster turn around and have an
ability to makeup for lost time on a previous leg and at the
same time avoid a potentially dangerous condition.

Further, 1t 1s believed that the systems 1n accordance with
the present invention will be relatively inexpensive to manu-
facture and 1install, durable, reliable and facilitate servicing
such units.

BRIEF SUMMARY OF THE INVENTION

In essence, the present invention contemplates an aircraft
brake temperature monitoring system for determining the
time interval until a safe take-off can be mitiated. The system
includes an aircraft brake or brakes and a temperature sensor
for sensing the temperature of a brake or brakes after the
aircraft 1s brought to a stop. A timer and means including the
sensor and the timer are provided for measuring the tempera-
ture of the brake or brakes at two different times. The system
also includes means for calculating the rate of cooling of the
brake and for determining the time until the brake reaches a
safe take-ofl temperature.

A preferred embodiment of the invention includes an ambi-
ent temperature sensor and electronic storage means for stor-
ing a temperature profile for brake cooling at various ambient
temperatures. Means are also provided for comparing the rate
of cooling with the temperature profile for a given ambient
temperature to determine the time until a safe take-ofl tem-
perature 1s reached.

The mnvention also contemplates a method for determining,
the time interval until an aircraft brake has cooled to a safe
take-off temperature. The method includes the step of pro-
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2

viding an aircrafit brake, a temperature sensor for sensing the
temperature of the brake, a timer and a temperature profile
which 1s indicative of the rate of cooling of a brake following
the landing of the aircratt.

After landing, the brakes are activated and the aircrait is
brought to a stop. After the aircraftis stopped, the temperature
of the brake 1s sensed or measured and after a preselected
period of time the temperature of the brake 1s again recorded.
From these recorded times the rate of cooling 1s calculated
and compared to the temperature or cooling profile to deter-
mine the time needed for the brake to reach a predetermined
temperature for a safe take-off 1.¢., when the brakes are cool
enough to bring the aircrait to a stop from an aborted take-off
which occurs just before lift-oif.

In a preferred embodiment of the method, the ambient
temperature 1s mputted into the calculation of the cooling rate
and an electronic storage includes a temperature profile for a
range of ambient temperatures. Then, the calculated rate of
cooling 1s matched with the temperature profile for the exist-
ing ambient temperature and the time to reach a preselected
brake temperature 1s determined.

The invention will now be described 1n connection with the
accompanying drawings.

DESCRIPTION OF THE DRAWINGS

FIG. 11s a schematic block diagram which 1llustrates a first
embodiment of the invention; and

FIG. 2 1s a flowchart which illustrates a method 1n accor-
dance with a second embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

As 1llustrated 1 FIG. 1, an aircrait brake temperature
monitoring system 10 for determiming the time until a safe
take-ofl temperature 1s reached includes a brake actuating
system 12. The brake actuating system and brakes (not
shown) are conventional. The system also includes a tempera-
ture sensor or sensors 14 for sensing the temperature of the
brake and a timer 16 which 1s used to determine a time interval
between two temperature readings or indications.

The s1gnals from the temperature sensors indicate the tem-
perature of the brake or brakes after the stopping of the
aircrait and after a preselected time. These signals are fed to
a calculator 18 such as a computer or electrical circuit and the
rate of cooling 1s calculated. The computer through a com-
puter program or electrical circuit 1s of conventional design
and well within the ability of a person of ordinary skill 1n the
art. Accordingly, 1t 1s not described in further detail herein.

Si1gnals indicative of the normal rate of cooling at various
ambient temperatures over a normal range of operations 1.e.,
temperature profiles are inputted into an electronic storage
means 22, which 1s labeled “provide data.”” An additional
signal indicative of the sensed ambient temperature 1s fed to
the calculator 18 from an ambient temperature sensor 20.
Then a signal indicative of the normal rate of cooling at the
same ambient temperature 1s entered into the calculator 18
from the storage means 22. The computer then compares the
actual cooling rate and the sensed ambient temperature with
the normal cooling rate at the same ambient temperature. The
calculator 18 then computes the time remaining for sufficient
cooling to a temperature at which 1t 1s safe to imtiate take-off
and outputs the time remaining to an indicator 24.

A method 1n accordance with a second embodiment of the
invention 1s illustrated 1mn FIG. 2 and includes the steps of
providing an aircraft brake or brakes 30, a temperature sensor
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32 and a timer 34. The method also includes the step of
establishing a temperature profile, which 1s imndicative of the
cooling of the brake at various ambient temperatures. Such
profiles can be established by testing and/or calculation and
are stored 1n electronic format 1n a computer or the like 1n a
conventional manner.

After landing the aircraft, a pilot actuates the brakes in step
38 and brings the aircraft to a stop in step 40 1n a conventional
manner. After stopping the aircratt, the pilot senses the brake
temperature, which 1s input 1nto a computer and then after a
preselected interval of time measures the brake temperature
again and inputs 1t into the computer. The method 1n accor-
dance with the invention also includes the steps of providing
an ambient temperature sensor 44 and sensing the ambient
temperature in step 46. Further, the method includes the step
ol mputting a temperature profile for the sensed ambient
temperature from step 44 and profile 48 and calculates the
cooling rate 1n step 50. The output 1s then sent to a indicator
52 which determines the time until a safe take-oif can be
initiated.

While the invention has been described in connection with
its preferred embodiments, 1t should be recognized that
changes and modifications may be made therein without
departing from the scope of the appended claims.

What 1s claimed 1s:

1. An airrcraft brake temperature monitoring system for
determining the time interval until a safe take-off can be
initiated, said system comprising an aircraft brake and a tem-
perature sensor for measuring the temperature of said brake,
a timer coupled said sensor and said timer for measuring the
temperature of said brake attwo selected times, and means for
calculating the rate of cooling of said brakes and for deter-
mimng the time until the brake reaches a preselected safe
take-off temperature.

2. An aircraft brake temperature monitoring system for
determining the time interval until a safe take-oif can be
initiated according to claim 1, which includes means for
sensing the ambient temperature and 1n which said means for
calculating the rate of cooling of said brakes includes the
cifect of ambient temperature thereon.

3. An aircrait brake temperature monitoring system for
determining the time interval until a safe take-off can be
initiated according to claim 2, which includes an electroni-
cally stored temperature profile and means for comparing the
calculated rate of cooling with said electronically stored tem-
perature profile to determine a time until the brake reaches a
safe take-ofl temperature.

4. An aircraft brake temperature monitoring system for
determining the time interval until a safe take-oif can be
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initiated according to claim 3, 1n which said brake monitoring
system 1s applied to each of the brakes on an aircratt.

5. A system for determining the time interval until an
aircrait’s brakes have cooled to a safe take-ofl temperature
comprising;

a brake assembly including a frictional brake surface and a

brake pad for stopping an aircraft following a landing;

a sensor for sensing the temperature of said brake assembly
after the aircraft has come to a stop and the brake has
been released:;

a timer; means coupled to said sensor and said timer for
measuring the temperature of said brake assembly at two
times; and

means for calculating the rate of cooling of said brake
assembly and for determining the time until the brake
assembly reaches a safe take-oil temperature.

6. A system for determining the time interval until an
aircraft ’s brakes have cooled to a safe take-oil temperature
according to claim 35, which includes means for sensing the
ambient temperature and 1n which said means for calculating
the rate of cooling of said brake assembly includes the effect
of ambient temperature.

7. system for determiming the time interval until an air-
craft’s brakes have cooled to a safe take-oil temperature
according to claim 5, which includes an electronically stored
temperature profile and means for comparing the calculated
rate of cooling with said electronically stored temperature
proflle to determine a time until the brake reaches a safe
take-ofl temperature.

8. A method for determining the time interval until an
aircraft’s brakes have cooled to a safe take-ofl temperature
comprising the steps of:

providing an aircrait brake, a temperature sensor for sens-
ing the temperature of the brakes, a timer and a tempera-
ture profile indicative of the cooling of the brake;

actuating the brake after landing the aircrait and bringing
the aircrait to a stop;

sensing the temperature of the aircraft’s brake at two dit-
ferent times:

calculating the rate of cooling; and

determiming the time when the aircraft brake will have
cooled suificiently for a safe take-off.

9. A method for determining the time interval until an
aircrait’s brakes have cooled to a safe take-ofl temperature
according to claim 8, which includes the step of inputting the
ambient temperature and including the ambient temperature
and calculating the rate of cooling.
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